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Qİ- A 150kVA, 50-Hz transformer with 400/80 turns ratio, has a primary winding resistance of 0.45 Q 
and its leakage reactance of 0.99. The secondary winding resistance is 0.020 and its leakage reactance 
is 0.04 Q. The load power factor is 0.85 lagging. If the supply voltage is 2400V and Poore = 1.75k W: 
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10 marks 


1 Calculate | 
: a. The flux required Pms at no-load operating condition. Imark 
b. Draw the no-load phasor diagram. — Imark i 
| c. If the no-load current is 3.0 A, calculate transformer shunt circuit Re and no-load PF. 2 marks | 
1 d. Draw the equivalent ci: cuit referred to the primary showing all values in Ohms. ' Imark ! 
e. Find the V.R. % and full-load V2 voltage value. 3 marks 1 

| f. Calculate maximum efficiency. . 1 marks | 
g. What is the percentage change in copper loss required to reach this maximum efficiency?1 mark ; 

| j 

a A 


Q2. Find the all-day efficiency of 500 KVA distribution transformer whose copper loss and iron losses 
at full load are 4.5 kW and 3.5 kW. During a day, it is loaded as follows: 
POWER FACTOR 
0.8 


HOURS LOADING (kW) 
6 400 
10 250 0.6 
4 100 0.9 
4 0 - 





Q3 A square sample of iron fitted with primary and 
secondary winding as shown. Primary winding is 400 
turns carries a current of 1.8 A on reversal of the current 


a change of flux linkage of $x10? Wb-turns is recorded 


Le COMICI IL で すす た で いし s uta WYANT 29) ta Ya ut ru ーー コー 


"^ まさ] 


+ M 





in the secondary windings of 10 turns. 
The core is made of 50 laminations each 0.5 mm thick, assume uniform flux distribution determine the 


+ ^b turn Lm on * ^. Vut 
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value of ; 

| a. Flux density Bin Wb/m’. (4 Marks) | 
b. Magnetizing force H in AT/in. (3 Marks) j 

c. Relative permeability Hy. (3 Marks) | 
——————————————————— HÉÉR—HÓ' w-— | 
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i 
1 (MCQ) Mark ONLY one correct choice of the following: (10 marks) 
; 1- According to Faraday’s Law an E.M.F can be induced in a coil and — by : 

(a) ん di/dt (b) L dq/dt (c) N di/dt (d) N ddf 
; 2- According to Lenz's Law the self inductance of a coil is expressed by : 


| (9 
| (a) A dildt (b) L dd/dt | (c) N di/dt (à) dġ/di 


3- The induced voltage on a coil due to a passing current is expressed by: 


je (a) Adi/dt (b) L do/dt (c) N di/dt © di/dt 

; 4- The nonlinear eds loop variation characteristics of an AC excited magnetic core is nonne 

(a) primary windings voltage drop (b) secondary windings voltage drop 
; (d) copper winding loss 


: eddy-current loss 


De 


5- In a step-up single-phase transformer the induced voltage (E) per-turn in Primary is: ~ 


(oda to secondary (b) Not equal (c) Greater than - .  (d)Less than 


6- 110/220 v single-phase transformer is excited with a 200 V DC, the secondary voltage is: 


(a) 400 V (b) 100 V ()200 V (a) none of the answers 
7- At no-load operating condition the transformer has 
ated voltage (c) load current ^^ (d) lagging load PF 


(a) Large copper loss 
8- For a step up transformer operating at full-load lagging power factor the load voltage is: 
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(b) more than rated voltage 


(a) equal to rated voltage 
less than at leading PF. 


SS 


(c) equal to primary voltage 
9- At half-load operating condition the transformer typically has 


(b) half total core loss (rate rated secondary current — (d) half total copper loss 


‘AVES AVES 


(a) half rated load voltage 


p 

z 10- Maximum power transfer capability of a transformer can be achieved if 

; f (a) ore Loss-~coppét loss (b)core loss > copper loss 

(c) core loss < copper loss (d)core loss =copper loss = zero 

^ 0090990n40090 000090090400 90009 TI OQ 990000900 0DmOq OD OD MD DOPO 

| Good Luck 
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d. j = Cy} ch \ 
1. A ring sample of iron figted| with primary 


| and a aw -Pa V shown. Primary 


win ay ng is p y Turns carries a current of 


1.8 A. d i M of the current a change 


go Wbturbs is recorded in the 
secondary windings-of-46-tarns-The core is made of 5U laminations each 0.5 mm 


thick assume uniform flux distribution determine the value of : 





a. Flux density B in Wb/m*. (4 Marks) r 、 EN 
b. Magnetizing force H in AT/m. — (3 Marks) 
c. Relative permeability Hr. (3 Marks) 
(7 | 
Tc Is SA 
| RX の =gxo wh 
APM > | MP | 
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01 (MCO) Mark the ONLY one correct choice of ollowlng: (6 marks) 
1-In a transformer the primary and secondary windings nre | 

(a) electrically connected — (b) connected in series (magnetically connected (d) connected in parallel — 


2- Induced e.m.f. in the primary or secondary windings in a transformer depends on 





(a) transformer size umber of turns (c) average flux (d)its shunt impedance 
3. The full-load voltage at the transformer secondary terminals is usually less than its no-load value if the 
load power factor is((a))lagging (b) leading (c) ideal (d) zero 
4- At ne-load operating condition the transformer has 
(a) large winding loss (Ab) magnetizing current (c) output power (d) large secondary current 
5- If a current of 5A flowing in a coil of induciance 0.1 H is reversed in 1 ms, e.m.f. induced in it is 

volt. (a) 5000 (b) 500 (c) 10,000 (1000 


6-Transformer cores are laminated in order to 
(a)simplify its construction — (b)minimize eddy current loss (c)reduce cost (d)reduce winding loss 


Q2 (MCO) Mark the one OR more correct choice/s of the following: (6 marks) 


1 -The primary and secondary windings of a commercial transformer nlways have 


(a) same number of turns (N1=N2) (b) same induced voltages (E1=E2) 
a common magnetic circuit @ mf (At) balanced operation 


2- An actnal (practical) power transformer 


has winding internal resistance ((byhas hysteresis losses 


(c) has no leakage flux - (d) supplied by DC supply voltage 
3. In an ideal power transformer it is assumed that, 
(a) magnetic coupling factor K » 1.0 Ory & 2ry wdgs are very close 
(c) core has limited permeability jmutual flux Qm = primary flux op 
4-The «win purpose of using a magnetic core in 2 transformer is to 
(a) increase flux-linkage rate ( (b) decrease the circuit reluctance 
(c) decrease its cost | (d) prevent eddy current loss 
5. Mutual inductance between two magneticall y-coupled coils depends on 
the riinber of their turns (by permeability of the core 
C{c)windings separation (d) magnetizing current 
6- The transformer load dependent efficiency Increases from no-load to half-load at 
(a)ligher loads (b) lower power factor C⑯ lower losses | Cd higher power outputs 
ーーーーー ツ ーー EM op 
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1. Figure 1. shows a simplified rotor and stator to’ a 


50 cm, and its cross-sectional area is 12 cm’. The 
'mean path lerigth of the rot yr is 5 cm, and its 
cross-sectional area also may be assumed to be 
12 cm”. Each air gap between the rotor and the 
stator is 0.05 cm wide, and the cross-sectional 
area of each air gap (including fringing) is 14 cm’. 
The iron of the core has a relative permeability 
of 2000, and there are 200 turns of wire on the 
core. If the current in the wire Is adjusted to be 1 
A, what will the resulting flux-density in the air 


dc motor. The mean path wih of the stator is 


gaps be? (8 Marks). 
R, 
Ray 
(= Ni) 
R, 
Roz 
Ra = QR, T Ret +R, + Reg 


© 


A x 12cm? 


ル ん = 5cm 


た =002cm 





Stator re jucts っ ここ 


Air gap 1 reluctance 


Rotor reluctame 


Air gap 2 reluctance 


= 166,000 + 284,000 + 16,600 + 284,000 A * tums/Wb 


= 751.000 A * turas/ Wo 


The net magnetomotive force applied to the core is 
J = Ni = (200 turasX1.0 A) = 200A * turas 


Therefore. the total flux in the core is 


=. 


200 A * turns 


の 731.000 A * turas/ Wb 


= 0.00266 Wb 


Finally, the magnetic flux density in the motor's air gap is 


0.000266 Wb 
= さこ で 004m) "9T 
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SOkVA, 50-Hz supply, 2200/132 V single-phase transformer with a (164j12.5) primary impedance 


and (0.0254j0.03) secondary impedance. The pri ary side shunt has " k(1) core resistance and 
(j15kn) magnetizing reactance. Find: I | 


. (a) The exact equivalent circuit? J marks) 
(b) The maximum primary induced e.m.f1 for rated load at 132V and 0.85 lagging 
dower factor. (3 marks) 
(c) The supply voltage for the same operating conditions. (3 marks) 
(d) The maximum flux — per turn. ji f 4. AL YI 
; "i 2.95 
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2. A 15 kVA 2300/230 V single phase transformer Is to be tested to determine Its 
excitation branch components, Its series impedances, and its voltage regulation. The 
following test data have been taken from the primary side of the transformer: 


FIIO r.—— i __— 
"pesOW —  — 


act equivalent circuit showing all values of this transformer referred to 










a. Draw the ex 
low voltage side. (2) 
0.8 lagging power factor. (2) 


Calculate the full load voltage regulatlon at 
Calculate the voltage at the secondary at full load. 
What's the efficiency at 60% of full load and 0.8 lagging? (2) 


What is the maximum efficiency? (2) 


(2) 


ooncc 


00619 0037 N 





D,)+X,,xsin(P 
Voltage regulation = CR os Di) X Sin at, 
1 


5(0.0615 x0.8+0.037 x 0.6 
Voltage regulation = CC ルー = 1.94% 


T V... cos( , — 9; ) 47 cos( 58.5 — 36.87 ) 
ws — Vac COS Pe- 027 _ SEO = 19496 
Voliage regulation の Nj. | 6 


Voltage at the secondarry = 230 - 0.0194 x 230 = 225.54 V 


ai 0.6 x 15000 x 0.8 "— 
—————— as — RaÓÓ2 7 arene = ‘ r 
fficency 1 = GG 15000 x 0.8 + 50 + (0.6) x 160 f 


n=, EJ = 0.559 
160 
0.56 x 15000 0.8 
x 100 = 98.53% 


Efficen IE ease cD 
Uficency 1 = y ge x 18000 x 0.8 + 50 + 50 
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:E3S2 ELECTRIC MACHINE I TEST #2 TIME 75 MINUTS 30 Mark 








1. A 1200 kVA, 6600/400 V, Y/Y 3 phase, transformer has an iron loss of 1600 W. the 
maximum efficiency occurs at 0.75 full load. Find 
a. The efficiency of the transformer at full load and 0.8 power factor. 5 Marks J udi 
( 


b. The maximum efficiency at unity power factor. Marks 
feMM f wg pr 


"d 


2. A 500 kVA, 50 Hz single phase 6600/5000 V autotransformer having the following T な Ww í 
7 


values, e.m.f. per turn = 8 V, maximum flux density 1.3 Wb/m^. Determine AS 
a. The core area. | 3 Marks É- 

b. The number of turns for low voltage and high voltage sides. 3 Marks 

c. The position of the tapping point. 4 Marks 


^ 


3. As shown in the figure, an electromagnet is to be used to lift a 100-Kg slab of iron. * . 
The core cross-section area is 35crn^ and the number of turns is 100 turns. 
if the supply coil resistance is 3 ohms and the minimum voltage required to lift the 


slab against the force of gravity is 2V. 
Find the resultant minimum gap in each leg in mm. 10 Marks 


Neglect the reluctance of the core 
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UNIVERSITY OF TRIPOLI/FACULTY OF ENGINEERING/ E.E. Dept./ Fall-2017 


235 ‘Innl Ex ic 120 minutes Date 06/02/2018 Marks (40 
) NW ) 10 Mars each 
* , "il 
QI: A single phase 20 KVA, 2400/240V transformer have the following data: b" 
- Ou 
l- 98% efficiency at 90% loading and unity power factor. 


2- 97.5% efficiency at full load and 0.8 lagging powr factor, Find: 
a- Efficiency at 50% loading and | 0.95 leadin 


b- / Load% at maximum efficiency & 
ーー 


ower factor. ti 






Q2: A 2000KVA, 6.6/0.4 kV, 3 phase transformer is delta connected on the high voltage side and star connected 


on the low voltage side. Determine the drop on the resistance and reactance, % efficiency and “voltage regulatio 


; for full load & 0.8 leading p.f. given the following data: 6 £ fe yis f; r 
SC Fest - H.V. data: 400V 175A 17kW へ > 
OC Test - L.V. data: 400V 150A 1SkW ps cedi eT le 


ーーー ーー つつ ーーーーーーーーーーーーーーーーーーーーーーーーーーーー こ ニニ ニニ ニニ ここ ここ ニニ ニニ ニニ ーー A  — — À M — MÀ — I P — M — Um m m — — € 
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Q3: A 600KVA 23kV/2.3kV Delta/Star transformer has (0.15+j0.93) impedance @ LV side is feeding a 
120kVA 2.3kV/0.23kV Delta/Delta load transformer through a line that have J0.8 ohm/ph impedance. The load 
| transformer has a (1.5+j1.8) equivalent impedance @ the HV side. If a short circuit condition occurs at the load 
| terminals, find: a- The S.C. current in the feeder lines (Ip). 
b- The S.C. current in the load terminal LV lines (IL). 
c- The S.C. current in the supply HV Hines (Is). 


Q4: For the relay shown in the figure find: 
a. The system inductance L(x) expression in x/b. 
b. IfN= 800t, g=0.003 m, i=8A & C» 0.11 m, find 
the magnetic stored co-energy W' pg as a function of (x/b) 
c. If b= 0.16 m, Estimate the acting force (F) in N-m 
using co-energy method ONLY. 





Lossless 
N-turn coil 





N.M. Giall O.G.Mriheel H.M.Zubi 
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UNIVERSITY OF TRIPOLI /FACULTY OF ENGINEERING/E.E. Dept./Fall-2016 
EE352 -Second Exam 19-12-2016 Time allo*ved: 90 minutes 
Solution 


2. An electromagnetic relay has exciting coll of 800 turns. The core has a cross-sectlonal area of 5 cm x 5 cm. 

Neglect the reluctance of the core and fringing. 

a. Find the coil inductance if the air gap length is 0.5 cm. (2 Mark) 

b. Find the field energy stored for a coil current of 1.25 A. (2 Mark) 

C. Coil current remain constant at 1.25 A. find the mechanical energy output based on field 
energy change when the armature moves to a position for which x = 0.25 cm. Assume slow 
movement of armature. (3 Mark) 

d. What will be the change in the mechanical work done, if the mechanical movement is fast, 
keeping the flux initially constant. (3 Mark) 


i 7x 5x 5x 107 
a) Coil Inductance = N — $00x800x4zx10' XIXIXI = 0.402 H 





E 
pP 





-2 
S 0.5 x 10 . 
b) The Field Energy Stored = Lxi = 0.5x0.402x (1.25)? = 0.314 J 
c) Change in Electrical Energy = dW, -(A,—A,)xi Joules 
i 





A,-L(x,)xi =0.804x1.25 2 1.005 And A,=L(x,)xi =0.402x1.25 = 0.5 
AW, = (0.804 —0.402)x 1.25x 1.25 = 0.628 J 

IW, = : ‘ 

( p= 5 (E (x) - L(x, )xi = 0314 J 


dW,, =dW, -aW , = 0.628 —0,314 = 0.314 Jouled 
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